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PREFACE 

The extension phase of the Orbi tal  Service Module (OSM) Systems Analysis Study 

was conducted to fur ther  i den t i fy  Power Extension Package (PEP) system con- 

cepts  which would increase the e l e c t r i c a l  power and mission duration 

capab i l i t i e s  of the Shut t le  Orbi ter .  Use of so la r  a r ray  power t o  supplement 

the  Orbi te r ' s  fuel cell/cryogenic system will double t he  power ava i lab le  t o  

payloads and more than t r i p l e  the allowable mission dura t ion ,  thus  g rea t ly  

improving the Orbi te r ' s  capab i l i t y  t o  support t he  payload needs of s o r t i e  mis- 

sions ( those in  which the payload remains in  the  Orbi te r ) .  

To es tab l i sh  the technical and programmatic bas i s  for  i n i t i a t i n g  hardware 

development, the PEP concept de f in i t i on  has been re f ined ,  and the  performance 

capabi l i ty  and the  mission u t i l i t y  of a reference design basel ine have been 

examined in depth. Design requirements and support c r i t e r i a  spec i f i ca t ions  

have been docunented, and e s sen t i a l  implementation plans have been prepared. 

Supporting t rade s tudies  and analyses have been completed. 

The s t u d y  report  cons is t s  of 12 docunents: 

Volune 1 Executive Summary 

Volune 2 PEP Preliminary Design Definition 

Volune 3 PEP Analysis and Tradeoffs 

Volune 4 PEP Functional Specif icat ion 

Volune 5 PEP Environmental Specif icat ion 

Volune 6 PEP Product Assurance 

Volune 7 PEP Logist ics  and Training Plan Requirements 

Volune 8 PEP Operations Support 
i 

I Volune 9 PEP Design, Develoment , and Test Plans I 
Volune 10 PEP Project Plan 

Volune 11 PEP Cost, Schedules, and Work Breakdown St ruc ture  Dictionary 

Volune 12 PEP Data Item Descriptions 
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FOREWORD 

The Power Extension Package (PEP) is a s o l a r  e l e c t r i c a l  power genera t ing  sys- 
tem to be used on t h e  S h u t t l e  Orb i t e r  to augment i ts power c a p a b i l i t y  and t o  
conserve  f u e l  c e l l  cryogenic s u p p l i e s ,  the reby  i n c r e a s i n g  power a v a i l a b l e  f o r  
payloads and allowing increased mission dura t ion .  The O r b i t e r ,  supplemented by 
PEP, can provide up t o  15 kW cont inuous  power t o  t h e  payloads f o r  miss ions  o f  
up to 48 days dura t ion .  

When required for  a s o r t i e  miss ion,  PEP is  e a s i l y  i n s t a l l e d  wi thin  t h e  Orb i t e r  
ca rgo  bay a s  a mission-dependent k i t .  When t h e  opera t ing  o r b i t  is reached,  t h e  
PEP s o l a r  a r r a y  package is deployed fkom t h e  O r b i t e r  by t h e  remote manipulator 
system (RMS). The s o l a r  a r r a y  is then extended and o r i e n t e d  toward t h e  sun,  
which it t r a c k s  using an i n t e g r a l  sun sensor/gimbal system. The power gener- 
a t ed  by t h e  a r r a y  is c a r r i e d  by c a b l e s  on t h e  RMS back i n t o  t h e  ca rgo  bay, 
where it  is processed and d i s t r i b u t e d  by PEP t o  t h e  Orb i t e r  load buses.  After  
t h e  mission is completed, t h e  a r r a y  is r e t r a c t e d  and restowed wi th in  t h e  
O r b i t e r  f o r  e a r t h  r e t u r n .  

The f i g u r e  below shows t h e  PEP system, which c o n s i s t s  of  two major as3em- 
b l i e s  -- t h e  Array Deployment Assembly ( A D A )  and t h e  Power Regulation and Con- 
t r o l  Assembly (PRCA) -- p l u s  t h e  necessa ry  i n t e r f a c e  k i t .  It is  nom:nally 
i n s t a l l e d  a t  t h e  forward end o f  t h e  Orb i t e r  bay above t h e  Spacelab t r cmel ,  h u t  
can be loca ted  anywhere wi thin  t h e  ca rgo  bay i f  necessary .  The ADA, which is 
deployed,  c o n s i s t s  of two l i g h t w e i g h t ,  f o l d a b l e  s o l a r  a r r a y  wings with t h e i r  
containment boxes and deployment mas t s ,  two diode assembly i n t e r c o n n e c t  boxes,  
a sun tracker/control/instrunentation assembly, a two-axis g imba l / s l ip  r i n g  
assembly, and t h e  RMS grapp le  f i x t u r e .  A l l  t h e s e  i t e m s  a r e  mounted t o  a s u p  
p o r t  s t r u c t u r e  t h a t  i n t e r f a c e s  with t h e  O r b i t e r .  The PRCA, which remains i n  
t h e  Orb i t e r  cargo bay, c o n s i s t s  o f  s i x  pulse-width-modulated v o l t a g e  regula- 
t o r s  mounted t o  t h r e e  cold  p l a t e s ,  t h r e e  shunt r e g u l a t o r s  to  p r o t e c t  t h e  
O r b i t e r  buses from overvo l t age ,  and a power d i s t r i b u t i o n  and c o n t r o l  box, a13 
mounted to  a suppor t  beam t h a t  i n t e r f a c e s  with t h e  O r b i t e r .  

PEP is  compatible with a l l  c u r r e n t l y  def ined miss ions  and payloads and imposes 
minimal weight and volune p e n a l t i e s  on t h e s e  miss ions .  It can be i n s t a l l e d  and 
removed a s  needed a t  t h e  launch s i t e  wi th in  t h e  normal O r b i t e r  turnaround 
c y c l e .  
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Sect ion 1 

SCOPE 

This document describes t h e  e f f o r t  required t o  implement t h e  design, develop- 

ment and t e s t  t a sks  associated with t h e  reference PEP configurat ion a r r ived  a t  

i n  t h e  course of t h e  Phase B study. The t a s k s  and approaches described i n  

t h i s  document served a s  t h e  planning base l ine  f o r  developing t h e  schedule and 

cost estimates fo r  achieving t h e  requirements 04 t h e  PEP proJect.  The plan 

aPSresses a l l  t he  areas  of a c t i v i t y  involved J -  proceeding from ATP through 

the  acceptance t e s t  of t he  f i r s t  se.: of PEP f l i g h t  hardware. The a c t i v i t i e s  

have been defined t o  t h e  depth necessary t o  e s t ab l i sh  t h e  v i a b i l i t y  of t h e  

approach and iden t i fy  those c r i t i c a l  areas  which w i l l  r equi re  concentrated 

a t t e n t  ion during t h e  Phase C/D cont rac t .  The ground-support a c t i v i t i e s  have 

been defined f o r  t h e  prelaunch phase a t  KSC and described i n  Volume 8 of t h i s  

repor t .  

Appendix A t o  t h i s  document presents  t h e  t o p i c a l  ou t l ine  arid requirements f o r  

an in-depth design, development and t e s t  plan t o  be prepared as  a pa r t  of t h e  

Phase C/D PEP program. 



Sect ion 2 

SUMMAHY 

This plaa defines  a pro jec t  based on the  production of two PEP Fl ight  Systems. 

It describes t he  tasks  and es tab l i shes  milestones t o  accomplish t h i s  d e v e l o p  

ment. Further ,  t h e  plan provides f o r  t h e  development and assembly of new 

ground support equipment required f o r  both t e s t i n g  and launch operations.  

Figure 1 presents  t he  basel ine Master Schedule f o r  t h e  PEP reference configura- 

t i o n .  It i d e n t i f i e s  major subasseablies , development t a sks ,  performance 

periods, and major milestones. ATP has been assumed f o r  October 1, 1980, based 

upon FY 1981 po ten t i a l  funding a v a i l a b i l i t y .  The basic  milestones have been 

establ ished f o r  the  Preliminary Requirements Review (PRR) th ree  months a f t e r  

ATP and t h e  Preliminary Design Review (PDR) f i v e  months l a t e r .  C r i t i c a l  

Design Review ( c D R )  occurs i n  t he  seventeenth month with the  f i r s t  del ivery of 

PEP f l i g h t  hardware ( i . e . ,  s e t  No. 1 )  i n  t h e  twenty-eighth month following 

ATP. The qua l i f i ca t ion  f l i g h t  f o r  PEP, es tab l i sh ing  the  I n i t i a l  Operational 

Capabili ty ( I O C )  occurs t h i r t y  months a f t e r  ATP. The ee,rly PRR i s  predicated 

upon f u l l  appl ica t ion  of t he  design, operat ional  and in t e r f ace  requirements 

developed i n  t h i s  study. Figure 2 presents  t h e  PEP design, development, and 

t e s t  schedule which snows t h e  r e l a t i onsh ip  of t h e  major t echn ica l  e f f o r t s  

involved i n  producing qua l i f i ed  PEP hardware. 

The PEP system is comprised of th ree  major elements. These a re  t h e  Array 

Deployment Assenbly (ADA) ,  Power Regulation and Control Assembly (PRCA) and 

In te r face  K i t .  This plan addresses the th ree  categories  of hardware Cevelop- 

ment a c t i v i t i e s  involved i n  providing t h e  PEP system. The PEP prime con- 

t r a c t o r  w i l l  have r e spons ib i l i t y  fo r  t he  development and production of t h e  

th ree  major elements and the  in tegra t ion  and system acceptance t e s t  of t he  

d e l i v e r ~ b l e  configuration. 

MCDONNaLL DOUGLAS s- 
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Figure 2. PEP Daign, Development, and Test Sehdule 

m e  ADA w i l l  b e  assembled from both  prime c o n t r a c t o r  manufactured p a r t s  and 

subcon t rac to r  supp l i ed  p a r t s .  The s tudy  r e f e r e n c e  c o n f i g u r a t i o n  assumes t h a t  

t h e  prime c o n t r a c t o r  w i l l  p rovide  t h e  main support  s t r u c t u r e ,  s e l e c t e d  mech- 

a n i s m ~ ,  and av ion ics  equipment, whi le  t h e  s o l a r  ar:ay wings, c o i l a b l e  masts and 

two axis gimbal w i l l  be procured from n . j o r  subcon t rac to r s .  

On t h e  ADA, only i h e  suppor t  s t r u c t u r e  i n t e r f a c e s  d i r e c t l y  wi th  t h e  O r b i t e r .  

There a r e  no e l e c t r i c a l  o r  thermal  i n t e r f a c e s .  The a v i o n i c s  and c o n t r o l  i n t e r -  

f a c e s  occur through t h e  g rapp le  f i t t i n g  Special-Purpose End E f f e c t o r  (SPEE) 

wi th  t h e  RMS. The s o l a r  a r r a y  and two a x i s  gimbal subcon t rac to r s  w i l l  q u a l i f y  

t h e i r  d e l i v e r a b l e  end i tems t o  a  l e v e l  c o n s i s t e n t  wi th  s minimum r i s k ,  low 

c o s t  development. The f i n a l  q u a l i f i c a t i o n  r e q u i r e d  of  t h e  ADA f o r  f i r s t  f l i g h t  

w i l l  be completed by t h e  prime c o n t r a c t o r .  O f  t h e  ADA hardware elements,  t h e  

s o l a r  a r r a y  p r e s e n t s  t h e  p r i n c i p a l  c r i t i c a l  path  i n  t h e  development/production 

schedule .  For t h i s  reason,  it i s  v i t a l  t o  e s t a b l i s h  t h e  most e f f i c i e n t  plan 

f o r  des ign ing ,  developing,  t e s t i n g  and i n t e g r a t i n g  t h e  s o l a r  a r r a y  i n t o  t h e  

o v e r a l l  PEP system. 
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The PRCA w i l l  be  produced by t h e  prime c o n t r a c t o r  from f a b r i c a t e d  p a r t s  and 

vendor supp l i ed  components. The PHCA i n t e r f a c e s  wi th  t h e  O r b i t e r  i n  t h e  ca rgo  

bay v i a  ( 1 )  s t r u c t u r a l  i n s t a l l a t i o n ,  ( 2 )  e l e c t r i c a l  power and d a t a  connect ions ,  

and ( 3 )  f l u i d  i n t e r f a c e  connect ions  v i t h  t h e  O r b i t e r  ,thermal c o n t r o l  sub- 

systems.  It i n t e r f a c e s  wi th  t h e  HMS v i a  e l e c t r i c a l  connectors  neai .,. c .  

s hou lde r .  The f u n c t i o n a l  connection between t h e  ADA and PRCA is ; u v i d ~ d  b. 

a wi re  ha rness  i n s t a l l e d  on t h e  RMS between t h e  shoulder  and end e f f e c t o r .  

The PEP impact on t h e  RMS c o n s i s t s  only o f  t h e  i n s t a l l a t i o n  of  t h e  aforemen- 

t i o p e ?  power cab le .  The prime c o n t r a c t o r  w i l l  supply t h e  RMS subcon t rac to r  

wi th  q u a l i f i e d  wi re  f o r  t h e  development of  t h e  power c a b l e  and w i t h  t h e  

e l e c t r i c a l  connector  h a l f  i n t e r f a c i n g  wi th  t h e  PRCA connector h a l f  a t  t h e  RMS 

shau lde r .  Modif ica t ion t o  t h e  Remote Manipulator System (RMS) must be c l o s e l y  

coordinated wi th  t h e  RMS p r o j e c t .  These modi f i ca t ions  must be  accomplished on 

a  compatible development schedule  t o  a s s u r e  t i m e l y  a v a i l a b i l i t y  f o r  i n s t a l l a -  

t i o n  i n  t h e  O r b i t e r  dur ing  t h e  pre launch ground opera t ions  phase. 

The O r b i t e r  accommodations r e q u i r e d  by PEP f o r  t h e  Design Reference Mission,  

u t i l i z i n g  t h e  Spacelab and s h o r t  t u n n e l ,  have been de f ined  i n  d e t a i l  by 

Rockwell I n t e r n a t i o n a l  (HI)  on t h e  b a s i s  of  a PEP/Or>iter i n t e r f a c e  s tudy  con- 

ducteC j o i n t l y  by MDAC aad Rockwell. New O r b i t e r  hardware inc ludes  ( 1 )  coo lan t  

i n t e r f a c e  panels  and jumpers ( p o r t  and s t a r b o a r d ) ,  ( 2 )  e l e c t r i c a l  i n t e r f a c e  

panels  ( p o r t  and s t a r b o a r ? ) ,  ( 3 )  payload bay e t t a c h  p rov i s ions  f o r  e l e c t r i c a l  

ha rnesses ,  plumbing, and PI ,'A br idge  f i t t i n g s  (bea r ing  pads)  and (4) EL SFEE 

switch f o r  s h a r i n g  RMS SFi'E wi r ing  wi th  payloads.  I n  a d d i t i o n ,  t h e  O r b i t e r  

Power D i s t r i b u t i o n  Syst?m and coolant  loops  a r e  modified t o  accept  PEP p h y s i c a l  

and f u n c t i o n a l  i n t e r f a c e s .  Software modi f i ca t ions  a r e  a l s o  r e q u i r e d  t o  suppor t  

PEP f l i g h t  opera t ions .  

' h e  I n t e r f a c e  K i t  i tems requ i red  by t h e  PEP p r o j e c t  inc lude :  

A .  RMS power cab le .  

E. B r i d ~ e  f i t t i n g s ,  custom ( 2 ) .  

C. P a y l o ~ d  r e t e n t i o n  l a t c h e s ,  O r b i t e r  ( 3 ) .  

D. R e a c t i m  f i t t i n g ,  Y o ,  custom. 

E.  Cable assemblj., O r b i t e r  bay power. 

F. Disconnect ,  i n - f l i g h t  remote, r e c e p t a c l e .  

G .  Cable assembly, ' Y b i t e r  bay d a t a  bus.  



The purpose of these  items is  t o  provide both physical  and funct.iona1 con- 

nections from t h e  PEP system t o  the  Orbi ter  subsyrtems. 

The Phase B study has i den t i f i ed  the  requirements f o r  12  items of GSE t o  

support t he  DEP operations.  These items of CSE w i l l  be produced by t h e  prime 

contractor .  The noted items w i l l  be used at t h e  prime cont rac tor ' s  f a c i l i t y  

during PEP system v e r i f i c a t i o n  t e s t i n g  p r i o r  t o  being del ivered with the  f l i g h t  

hardware. The items of GSE a re :  

Array power simulator.  * 
Power bus load simulator.  * 
Mast / can i s t e r  simulator.  

In te r face  t e s t  u n i t  .* 
Orbiter  cable  simulator.  * 
Thermal conditioning u n i t  ( ~ r o v i d e d  GFE) . * 
Freon leak de tec tor .  * 
Strongback. * 
Shipping container.  

Test f i x tu re .  * 
PGKM adapter.  

Transportation k i t .  

*Used at contractor's f e c i l i t y  p r io r  t o  del ivery w i t h  f l i g h t  hardware. 
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S e c t i m  3 

DESIGN 

This s e c t i o n  provides a summary of t h e  r e f e r e n c e  des ign der ived i n  t h e  s tudy 

phase acd i d e n t i f i e s  t h e  des ign t a s k s  which w i l l  be accomplished i n  Phase C/D 

t o  t ransform t h i s  conf igura t ion  i r  t h e  f i n a l  design.  

3.1 SYSTEM DEFINITION 

The Power Extension Package (PEP j i s  a s o l a r  a r r a y  power system used t o  

augment t h e  O r b i t e r ' s  f u e l  ce l l / c ryogen ic  power system and extend t h e  O r b i t e r ' s  

mission dura t ion  c a p a b i l i t y .  'Ahen i l lumina ted  by +.he sun,  PEP provides  most 

of t h e  e l e c t r i c a l  power f o r  use by t h e  O r b i t e r  and i,ts payloads. During t h e  

dark s i d e  of t h e  o r b i t ,  t h e  s o l a r  a r r a y  i s  dormant and t h e  O r b i t e r  f u e l  c e l l s  

supply t h e  f u l l  power. 

The PEP c o n s i s t s  o f :  ( 1 )  s o l a r  a r r a y  and s u p ~ o r t i n g  equipment, i d e n t i f i e d  as  

t h e  Array Deployment A~,m,bly (ADA) ,  which i s  deployed by t h e  Remote Manipu- 

l a t o r  System and ( 2 )  power cond i t ion ing  and c o n t r , . l  equipment which remajns i n  

t h e  Orb i te r  cargo bay dur ing t h e  miss ion,  i d e n t i f i e d  as t h e  Power Regulation 

and Control  Assembly (PRCA). The PEP s o l a r  a r r a y  power system has  two a r r a y s  

comprised of pho tovo l ta ic  s o l a r  c e l l s  mounted on b lanke t s  of a l igh tweigh t ,  

f l e x i b l e  s u b s t r a t e  which a r e  deployed by two c o i i a b l e  masts. When not  oper- 

a t i o n a l ,  t h e  a r r a y s  a r e  r e t r a c t e d  and folded i n t o  cornsact a r r a y  s t o r a g e  boxes. 

The e n t i r e  assemblj. I s  stowed i n  t h e  O r b i t e r  ca-go bay dur ing launch and 

descen t ,  a s  shown i n  Figure  3. Figure  4 d i s p l a y s  a typical-  sequence f o r  on- 

o r b i t  deployment o f  t h e  a r r a y  assembly us ing  t h e  d r b i t e r ' s  Remote Manipulator 

System (RMS) .  A s  noted i n  s t e p  4, t h e  masts are used t o  deploy t h e  two a r r a y s .  

The assembly remains a t t ached  t o  t h e  RMS during o r b i t a l  opera t ion .  E l e c t r i c a l  

power i s  g e ~ e r a t e d  by o r i e n t i n g  t h e  a r r a y  normal t o  t h e  s o l a r  v e c t o r  us ing an 

independent PEP c o n t r o l  s y s t e r .  It i s  t r a n s m i t t e d  by power cab les  t o  t h e  PRCA 

which r e m a h s  i n  t h e  cargo bay dur ing t h e  miosion and cond i t ions ,  c o n t r o l s ,  
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and in te rconnec t s  t h e  PEP with  t h e  O r b i t e r ' s  main buses .  The r e s u l t i n g  power 

i s  usable  by both  t h e  O r b i t e r  and i ts payloads.  To stow t h e  ADA f o r  r e t u r n  t o  

e a r t h ,  t h e  s o l a r  a r r a y  i s  r e t r a c t e d  and t h e  RMS i s  a c t i v a t e d .  The RMS f l i g h t  

crew opera to r  then  guides  t h e  ADA i n t o  t h e  stowage p o s i t i o n  i n  t h e  O r b i t e r  bay. 

The PEP system i s  comprised of four  f u n c t i o n a l  a r e a s :  

A.  E l e c t r i c a l  Power Subsystem. Generates e l e c t r i c a l  power and condi- 

t i o n s ,  c o n t r o l s  and d i s t r i b u t e s  t h a t  power t o  t h e  O r b i t e r  buses f o r  use  by t h e  

O r b i t e r  and i t s  payloads ( r e f e r e n c e  Table 1 ) .  Major elements inc lude :  

So la r  a r r a y  wings ( 2 ) .  

Diode assemblies ( 2 ) .  

Voltage r e g u l a t o r s  ( 6 ) .  

Power d i s t r i b u t i o n  box ( 1 ) .  

Shunt r e g u l a t o r s  ( 3 1. 
Cable assemblies .  

B. S t ructural /Mechanical  Subsystem. Provides support  f o r  o t h e r  PEP 

subsystems and t r a n s f e r s  ground and f l i g h t  loads  t o  t h e  O r b i t e r  s t r u c t u r a l  

i n t e r f a c e .  In  a d d i t i o n ,  it performs t h e  func t ions  of a r m y  deployment, 

r e t r a c t i o n ,  l a t c h i n g ,  suspension,  t e n s i o n i n g  and gimbsling.  Major elements 

inc lude  : 

S t r u c t u r a l  assembly, s o l a r  a r r a y  support  ( 1 ) .  

S t r u c t u r a l  assembly, PRCA support  ( 1 ) .  

Mas t l can i s te r  ~ s s e m b l i e s  ( 2 ) .  

Mas t l can i s te r  suspension and lockout assemblies  ( 2 ) .  

Gimbal assembly ( 1 ) .  

0 Payload r e t e n s i o n  l a t c h e s  ( 3 ) .  

Custom bridge f i t t i n g s  ( 2 ) .  

d ing boxes and covers ( 2 ) .  

e Compliance mechanisms ( 2 ) .  

C.  Avionics and Control  Suusystem. Performs e l e c t r o n i c  equipment 

a c t i v a t i o n ,  i n i t i a l i z a t i o n ,  p o s i t i o n  and r a t e  c o n t r o l  o f  deployed elements,  

and monitoring of equipment s t a t u s  a s  w e l l  a s  providing crew i n t e r f a c e s  f o r  

PEP coxnand and s t a t u s  d i s p l a y .  Major elements inc-,de: 

Array po in t ing  and c o n t r o l  assembly. 

Sun sensor .  

MDM/data bus coup le r .  



D. Thermal Control Subsystem. Maintains PEP 

hture  l i m i t s  using a c t i v e  and passive means. Major 

0 Cold p l a t e s .  

equipment within temper- 

elements include: 

0 Freon l i n e s ,  quick disconnects,  m d  jumpers. 

3.2 INITIAL ACTIVITIES 

The reference design a r r ived  a t  during t h e  Phase B study w i l l  se rve  as  t h e  

point of departure f o r  t h e  Phase C/D design e f f o r t .  This design is  f u l l y  

described i n  Volume 2, PEP Preliminary Design Defini :ion, and is  represented 

herein i n  Table 1 and Figures 5,  6,  and 7 .  

The design funct ion,  a s  described i n  t h i s  plan, cons is t s  of es tab l i sh ing  d e t a i l  

requirements, performing t h e  necessary designs and analyses t o  implement those 

requirements and analyze t h e  r e s u l t i n g  design t o  ensure t h a t  t h e  func t iona l  

Table 1. PEP Baseline Charac ter i s t ics  

Power and duration 

I 

Array s i z e  

Stowage locat ion 

Stowage configurat ion 

Deployment 

Array ro t a t ion  

Weight 
" .  

I Heat r e j ec t ion  

Output vol tage 

21 kW, 20 days a t  55-deg inc l ina t ion  
29 kW, 17  days a t  55-deg i n c l i n a t i o n  
29 kW, 48 days a t  97-deg i n c l i n a t i o n  

2 sep-type wings, 3.84m X 3' 8m each 

Over spacelab shor t  o r  long tunnel  
A f t  l oca t ion  opt iona l  

I n t e g r a l  wingbox; r o t a t i n g  can i s t e r ;  
Trunnion/latch attachment 

Remote manipulator system (RMS) 

Separate gimbal/torquer dr ive  using sun 
sensor con t ro l  
RMS inac t ive  

PEP, 2,266 l b ;  Orbi ter  a t t ach  f i t t i n g s ,  65 l b  

Uses Orbi ter  r ad i a to r s  
Flash evaporator supplement - some o r i en t a t ions  

32.6V 5 0.1 vdc during PEP operation 
27 - 32 vdc during f u e l  cell-only operation 
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Fiwn 7. PEP Interface Kit 

r e q u i r e ~ s  i t s  have been met. This design function w i l l  b e  t h e  r e spons ib i l i t y  

of t he  prime contractor .  

Due t o  the  spec ia l ized  nature of ce r t a in  technology involved i n  t he  PEP system, 

.ort  a s  wel l  as the prime contractor  w i l l  subcontract port ions of t he  design ef" 

,;he productiru and t e s t  of those elements of t he  PEP system. It i s  present ly 

l'oreseen ' ~ n t ,  those elements t o  be procured through subcontract include (1) t h e  

so l a r  r ray  wings/masts and ( 2 )  t h e  ADA gimbal assembly. 

The design a c t i v i t y  o f  t he  subcontractors w i l l  be  subject  t o  t he  approval of 

t he  prime contractor  and w i l l  be subject  t o  a s e r i e s  of formal reviews which 

.nust be coni~l.eted p r i o r  t o  proceeding t o  the  next phase of t h e  a c t i v i t y .  



I n i t i a l  des ign e f f o r t s  w i l l  involve t h e  refinement and coordinat ion of spec- 

i f i c a t i o n s  and plans .  The p r i n c i p a l  a c t i v i t i e s  t o  be  addressed i n  t h e  pe r iod  

between ATP and PRR include:  

S p e c i f i c a t i o n s  

System S p e c i f i c a t i o n .  

S o l a r  m r a y  Wing S p e c i f i c a t i o n .  

0 Ground Support Equipmert S p e c i f i c a t i o n s  . 
Voltage kegu la to r  S p e c i f i c a t i o n .  

Plans  

Update Management Plan.  

Update Design, Development and Tes t  Plan.  

Update Product Assurance Plan.  

0 Prepare Manufacturing Plan.  

Other A c t i v i t i e s  

Incorporate  SRT r e s u l t s .  

I n i t i a t e  procurement of iong-lead i tems. 

System Engineering t o  r e f i n e  des ign d e f i n i t i o n .  

Continued mission/system a n a l y s i s  i n  support  o f  s p e c i f i c a t i o n s  

development. 

Prepare f o r  e a r l y  des ign and procurement a c t i v i t i e s  i n  long- 

l e a d  t ime a r e a s  ( e . g . ,  s o l a r  a r r a y ) .  

Ehphasis w i l l  be placed on e a r l y  r e s o l u t i o n  o f  c r i t i c a l  des ign a r e a s  i d e n t i f i e d  

i n  the s tudy phase. This w i l l  involve refinement of design support  analyses  and 

t r a d e  s t u d i e s ,  and t h e  d e f i n i t i o n  of des ign  support  t e s t i n g  and breadboard 

a c t i v i t i e s ,  Addi t iona l ly ,  t h e  r e s u l t s  o f  t h e  JSC RTOP a c t i v i t i e s  w i l l  be 

i n c o r ~ o r a t e d  i n t o  t h e  design b a s e l i n e .  

Three months a f t e r  ATP t h e r e  w i l l  be  a Prel iminary Requirements Review (PRR) 

v i t h  NASA/JSC t o  review and ayprove t h e  PEP requirements t o  be used i n  f l i g h t  

hardware des ign.  The i n i t i a l  des ign e f f o r t  fo l lowing PRR w i l l  r e s u l t  i n  a 

b a s e l i n e  s e l e c t i o n  of components and m a t e r i a l s ,  a  pre l iminary d e t a i l  des ign 

and f i n a l  des ign and procurement s p e c i f i c a t i o n s .  The prel iminary des ign 

documentation w i l l  i nc lude  d e t a i l  p lans  f o r  manufacturing and t e s t i n g  o f  t h e  

hardware. This i n i t i a l  design a c t i v i t y  w i l l  culminate i n  a PEP Systems 

Prel iminary Design Review with NASA/,?SC a t  e i g h t  months a f t e r  ATP, where t h e  



f i n a l  requirements and f i n a l  des ign conf igura t ion  w i l l  be e s t a b l i s h e d .  P r i o r  

t o  t h e  system I'DR wi th  NASA, t h e  prime c o n t r a c t o r  w i l l  hold a  prelirzintzry 

design review with t h e  s o l a r  a r r a y  and gimbal assembly subcont rzc to rs  t o  

f i n a l i z e  those  design approaches. The r e s u l t s  o f  t h e s e  PDIl's w i l l  s e rve  a s  

i n p u t s  t o  t h e  system PDR with NASA. 

3.3 DETAIL DESIGN 

Following t h e  Prel iminary Design Review and approval  of t h e  r e s u l t s ,  d e t a i l  

design of t h e  PE? hardware w i l l  be completed. This des ign e f f o r t  w i l l  c o n s i s t  

of genera t ing  f a b r i c a t i o n  drawings and t h e  a n a l y s i s  necessary  t o  v a l i d a t e  t h e  

des lgn approach. Figure 8 p r e s e n t s  a  t o p  l e v e l  PEP drawing t r e e ;  t h i s  t r e e  

w i l l  be 2xpanded e a r l y  i n  i n i t i a l  des ign t o  assist i n  schedul ing t h e  engineer-  

i n g  a c t i v i t y .  This d e t a i l  des ign a c t i v i t y  w i l l  be accomplished by t.he prime 

c o n t r a c t o r  and by t h e  s o l a r  a r r a y  and gimbal assembly subcont rac to rs .  P r i o r  

t o  r e l e a s e  of t h e  f a b r i c a t i o n  drawings, a C r i t i c a l  Design Review w i l l  be h e l d  

wi th  NASAIJSC. This review w i l l  be a p r e r e q u i s i t e  t o  r e l e a s e  of f a b r i c a t i o n  

drawings and w i l l  c o n s i s t  of a  comparison of des ign requirements t o  des ign and 

a  review of t h e  a n a l y s i s  and d a t a  suppor t ing  t h e  adequacy of t h i s  des ign.  
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Major supporting analyses to be accomplished include: 

A. Power Subsystem 

Solar array performance mapping and degradation prediction. 

Voltage regulator/fuel cell performance mapping - including 
effects of fuei cell purge and heater operation. 

PEP/Orbiter safety analysis for anomalous conditions. 

r PEP electrical system operating procedures development. 

B. Avionics and Control 

Determination of PEP data bus characteristics and the analysis 

of crosstalk and impedance matching problems  sing slip rings. 

Microprocessor program design and sizing analysis. 

Instrumentation and signal conditioning requirements 

accommodation. 

Power distribution and sequencing of ADA equipment operation. 

Flight crew operation and interface with tile PEP system via 

MCDS . 
Impact of Orbiter and ground EM1 environment on PEP equipment 

design and operation. 

PEP electronics equipment failure analysis and examination. 

DAP/RMS/PEP dynamic interactions during PEP deployment (loads, 

deflections). 

. DAP/RMS/PEP dynamic interactions while depioyed (loads, 

deflections). 

PEP solar array pointing system design and analysis. 

PEP solar array pointing system processor software generation, 

verification and validation. 

Design and analysis of operating procedures for PEP deployment 

and operation. 

Failure and failure effects analysis. 

C. Structural/Mechanical 

ADA and PRCA support structure dynamic analysis and modal 

survey test correletion. 

ADA and PRCA support structure strength analysis. 

PEP system weight and mass properties analysis. 

Gimbal system servo analysis. 



Array wing suspension ana lys is  and mast s t r eng th  determination. 

Mechanical subsystem f a i l u r e  modes and e f f e c t s  ana lys is .  

D .  Thermal Control 

Refine Orbiter/PEP thermal performance. 

0 Detailed Orbi ter  i n t e r f a c e  analyses - thermal expansion, 

pressure,  and pressure drop. 

Detailed t r a n s i e n t  analyses of regulator /cold p l a t e .  

Detailed cold p l a t e / r egu la to r  thermal ana lys is ;  need f o r  

thermal grease and temperatures of regula tors .  

These d e t a i l  hardware design a c t i v i t i e s  w i l l  be supported by t h e  following 

system l e v e l  analyses which w i l l  provide s u b s t a n t i a l  inputs  t o  t h e  design: 

Crew in t e r f ace .  

System sa fe ty .  

e R e l i a b i l i t y .  

a Ground and flig;,; y e r a t i u n s .  

0 Pa r t s ,  mater ia l s ,  and processes.  

3.3.1 Crew In t e r f aces  

The crew operat ional  i n t e r f ace  requirements w i l l  b e  evaluated f o r  both s h i r t -  

s leeve and EVA t a sks  during the  i n i t i a l  per iod preceding t h e  PRR. These 

r e q ~ i r e ~ ~ l e n t s  w i l l  be coordinated with t h e  JSC Fl ight  Operations Directorate  

and, upon f i n a l  approval, applied t o  t he  f i n a l  hardware design. Review and 

approval of t h e  hardware appl ica t ions  w i l l  be coordinated during the  design 

phase and reviewed f o r  approval a t  t h e  PDR and CDR. 

3.3.2 System Safety 

The prime contractor  w i l l  perform t h e  necessary ana lys is  t o  def ine  t h e  t a sks  

t o  be accomplished and design fea tures  t o  be employed i n  t he  development, 

p roduc t ion ,  and launch of PEP i n  t h e  Orbi ter  environment. The sa fe ty  

e f f o r t s  w i l l  be d i rec ted  toward iden t i fy ing  p o t e n t i a l  hazards ea r ly  i n  t h e  

development process and resolving them through incorporation of s a f e t y  design 

fea tures  which w i l l  prevent hazards t o  personnel and equipment. System Safety 

would ( 1 )  provide a system sa fe ty  check l i s t ,  and ( 2 )  perform s a f e t y  ana lys is .  



3.3.3 Design R e l i a b i l i t y  

During development, R e l i a b i l i t y  w i l l  ( 1 )  perform f a i l u r e  mode and e f f e c t s  

ana lys is ,  ( 2 )  sssess  subsystem r e l i a b i l i t y ,  and ( 3 )  ver i fy  t h a t  designs meet 

r e l i a b i l i t y  requirements. 

3.3.4 Ground and Fl ight  Operations 

In  conjunction with the  development of t h e  Ground Operations Plan and t h e  

F l ight  Operations Plan, the  r e l a t e d  design requirements w i l l  be defined. These 

w i l l  be coordinated with NASA/KSC t o  assure compatibi l i ty  of the  f l i g h t  hard- 

ware with a l l  KSC prelaunch a c t i v i t i e s  and with JSC f o r  Orbi ta l  operations.  

Appropriate reviews and approvals w i l l  occur during the  design phase ~t PRR, 

PDR, and CDR. 

3.3.5 Pa r t s ,  Mater ials ,  and Processes - 

A p a r t s ,  mater ia l s  and process cont ro l  and s tandardizat ion program (PMPCSP) 

w i l l  be es tab l i shed  f o r  PEP. Experienced engineering s p e c i a l i s t s  from each 

d i sc ip l ine  w i l l  team with R e l i a b i l i t y ,  Qual i ty  Assurarxe, and Procurement t o  

provide a cost-effect ive PMPCSP f o r  PEP during development. The PMPCSP w i l l  

encompass approved p a r t s ,  mater ia l s ,  and process se lec t ion  l i s t s ;  cont ro l  of 

pa r t s ,  mater ials  and processes a t  subcontractors and suppl ie rs ;  minimize use 

of nonstandard p a r t s ,  mater ia l s ,  and processes; use of e l ec t ron ic s  p a r t s  with 

establ ished r e l i a b i l i t y  spec i f ica t ions ;  and par t  screens,  f a i l u r e  ana lys is ,  

and testing. During PEP development s p e c i a l i s t s  w i l l  (1) prepare t h e  p a r t s ,  

mater ials ,  and processes s e l ec t ion  l i s t ;  ( 2 )  e s t a b l i s h  a Pa r t s ,  Mater ials  

and Processes Control Board; ( 3 )  provide spec i f ica t ions  and standards f o r  

pa r t s ,  mater ia l s ,  processes and components; ( 4 )  prepare a f i n i s h  document 

fo r  corrosion protect ion controls  ; and ( 5 ) perform des t ruc t ive  physical  

analysis  on pa r t s .  



3.4 CONFIGURATION CONTROL 

Configuration control  of t h e  PEP system requirements and system design 

de f in i t i on  documents w i l l  be per  t he  PEP Configuration Management Plan. 

The system spec i f ica t ions  f o r  PEP f l i g h t  hardware and ground support equip- 

ment, a s  approved during PDR, w i l l  form the  requirements base l ine  f o r  t h e  PEP 

program. Any changes subsequent t o  PDR w i l l  be per  provisions of  t h e  NASA 

approved configuration management plan. 

Similar ly,  the  design as  approved a t  CDR w i l l  form t h e  design base l ine  f o r  t h e  

PEP program and any changes w i l l  be cont ro l led  per  t he  requirements of t h e  

Configuration Management Plan. 



Section 4 

DEVELOPMENT 

The design of the physical and functional characteristics of the PEP system 

will be supported by developnent activities at the prime contractor, sub- 

contractors, RMS contractor and the Orbiter contractor. 

4.1 PRIME CONTRACTOR 

The prime contractcr will provide early verification of system operation and 

compatibility through utilization of an integration/verification simulator. 

This simulator will consist of repiesentations of PEP flight hardware, 

together with simulators of Orbiter systems and the solar array wing assembliee. 

The development of this simulator will follow an evolutionary prccess. 

Initial electrical/electronic component circuit design will be supported 

through utilization of breadboard models of the components in the circuit 

study laboratory. These breadboards will utilize the normal technique of 

assembling the various circuit elements into a fbcticnal representaticn of 

the component being designed. The breadboazJ components will be varied to 

establish design sensitivities and to optimize the component design. 

When the indivldual component designs have been finalized, a braseboard model 

of the component will be fabricated. The brassboard model will consist of the 

breadboard model repackaged so that it is a portable unit capable of being 

interconnected with other elements of the PEP system. Where possible, the 

brassboard model will utilize flight standard detail components, 

The integration/verification simulator will be initially made up of these 

"braseboard" representations of the flight hardware. As actual flight con- 

figuration components become available through qualification test u;:t 



refurbishment or flight spares, the simulator will be upgraded to flight 

hardware qualit2r at the component level. No effort will be made to simulate 

physical arrangement or mounting provisions. 

The simulator will initially utilize STE or laboratory equipment in place of 

the GSE. As the GSE becomes available, it will be phased into the simulator 

replacing the STE. 

This simulator will be utilized to verify system design, establish a data base 

for 3redicting the overall span of system performance, verifying the validity 

of mission models, and finally to provide support to flight operations during 

the first flight which will combine IOC operations and flight qualification. 

The simulator would be available for subsequent support of the operationel 

flight program under a support contract. 

In addition to utilizing the verification/integration simulator, the prime 

contract,or will, in conjunction with NASA/JSC, utilize the EPDC simulator at 

JSC to simulate PEP power subsystem operation in conjunction with Orbiter 

systems. 

The prime contractor will also support PEP-ADA deployment array pointing and 

contrcl simulations utilizing the Shuttle Avionics Integration Laboratory 

(SAIL). Examples are as follows : 

Simulation of ~EP/crew interface assuring PEP operability with 

single and dual crewman participation. 

Detailed solar array pointing system simulation (including structural 

dynamics and disturbances ) . 
a Detailed, deployment dynamic simulation for PIP. 

0 Detailed dynmic simulation for deployed PEP including Orbiter DAP, 

RMS dynamics, PEP dynamics and solar array pointing system. 

0 PEP processor software verification and validation tool (simulation 

with PEP processor in the loop or emulaticx of the PEP processor in the loop). 



In  addi t ion t o  t he  integ?.ation/verification simulator,  physical  development 

f i x t u r e s  w i l l  be required. These f i x t u r e s  w i l l  be physical  representat lone of 

t h e  ADA ar.d t he  PRCA. The development f i x t u r e s  w i l l  be u t i l i z e d  i n  support of 

configuration design a c t i v i t i e o  t o  develop prec ise  component loca t ion  se:ection 

and inves t iga te  possible  area8 of in te r fe rence ,  They w i l l  a l s o  be used t o  

develop proper rout ing and aupport provision8 f o r  cable hwnenaes and coolant 

plumbing i n s t a l l a t i o n s .  

The PEP development e f f o r t s  of t h e  s o l a r  array and gimbal a s s a b l y  sub- 

contrac' jr w i l l  be extensions of development activi?.:ea already i n i t i a t e d  

under separa te  NASA cont rac ts .  The developmett activ! r t o  be accomplished 

a f t e r  A'IT w i l l  be negotiated based on t h e  subcontractor 's  pr,..2oesls. 

4.3 RMS COXTRACTOR 

The RMS contractor  w i l l  develop the  physical  i n s t a l l a t i o n  of t h e  PEP powu 

cable instal la tJ .on on the  RMS. 

The physical  and funct ional  i n t e r f ace  between the  PEP power cable  and t h e  ADA 

and PRCA w i l l  be defined i n  an I C D  t o  be coordinated between t h e  prime cob- 

t r a c t o r  an8 the  FMS contractor .  The HMS contractor  w i l l  develop t h e  r w t i n g  

and at taching provisions f o r  t he  power cable between these  in te r faces .  

4 .4  ORBITER CONTRACTOR 

The Orbi ter  contractor3 w i l l  develop t h e  i~e rnes s  and plumbing nic3ificcrtions 

required t o  accommodate t he  PEP system i n  the  S rb i t e r .  Physical and func t iona l  

i n t e r f aces  w i l l  be coordinated between t h e  prime contractnr  and t h e  Orbi ter  

contractor  and documented i n  an ICD. 



Section 5 

TEST PROGRAM 

m e  purpose of t he  PEP t e s t  program w i l l  be t o  prove t h a t  t he  PEP components 

and systems, a s  designed and b u i l t ,  s a t i s f y  t h e  program requirements. Since 

f i n a l  system ac t iva t ion  i n  an operat ional  envircnment can only be accomplished 

i n  o r b i t ,  t h e  first f l i g h t  w i l l  serve t o  f i n a l l y  q u a l i e  t h e  system and demcn- 

s t r a t e  I O C .  The ground t e s t  program must be s t ruc tured  t o  provide maximum 

conftdt *ice t h a t  a l l  elements a f f ec t ing  s y s t a  performame have been i d e n t i f i e d  

and considered. 

The PEP system w i l l  consis t  of elements procured fram subcontractors,  purchased 

pa r t s ,  and components fabr ica ted  by t h e  prime contractor .  Al l  development, 

qua l i f ica t ion  and acceptance t e s t s  of subcontracted components w i l l  be t h e  

respons ib i l i ty  of the  subcontractor.  The t e s t  plans,  procedures, and t e s t  

repor t s  w i l l  require  t he  approval of t h e  prime cont rac tor ,  The prime con- 

t r a c t o r  w i l l  perform t h e  development, qua l i f i ca t ion  and acceptance t e s t s  of 

those items purchased o r  designed and fabr ica ted  by him, and addi t iona l ly  w i l l  

perform a l l  system t e s t s  of the  completely assembled PEP. 

Each funct ional  component w i l l  be acceptance t e s t e d  p r i o r  t o  i n s t a l l a t i o n  i n t o  

the  PEP system. Acceptance t e s t i n g  of t h e  s o l a r  a r ray  wing assembly and t h e  

gimbal assembly w i l l  be conducted by the  subcontractors p r i o r  t o  del ivery t o  

t he  prime contractor .  

5.1 DEVELOPMEKT AND QUALIFICATION PHASE 

-'he t e s t  program being planned f o r  PEP w i l l  be similar t o  t he  Design Evaluation 

and Qual i f ica t ion  t e s t  program used e f f ec t ive ly  on manned spacef l igh t  programs. 



The D/Q approach to testing will qualify a component/equipment during a 

development test if the test specimen is sufficiently representative of the 

flight article and is subjected to test levels meeting qualification test 

requirements without failure. D/Q testing, together with evaluation and 

qualif ication c f  components/equipment by analyses and similarity comparisons 

to previously qualified hardware, provides the opportunity to develop PEF' at 

the least possible cost while taking minimum technical risks. 

Table 2 shows the preliminary test requirements generated far the Development/ 

Qualification program. This figure shows the requiremects to be satisfied at 

each level of system assembly. 

i'he system acceptance test will be conducted by the prime contractor after 

integration of the PEP components into the FEP system. A block diagram of the 

system acceptance test configuration is shown in Figure 9. The tests to be 

accomplished in this configuration are as follows: 

Continuity and insulation resistance. 

Operational sequence. 

On-line power performance. 

- Verify operational start-up sequence. 
- Verify shutdown sequence. 
- On-line power performance. 
- Verify voltage regulator peak power tracking and current limiting. 
- Daylnipht transition. 
- Voltage regulator set point adjustments. 
- Cold plate performance. 
- Shunt regulator operation. 
- Dark IV test. 

e Verify ADA sequence and operation, 

0 Partial array deployment. 

The schedule for accomplishing this integration and test activity is shown in 

Figure 1L'. 



Development 

Table 7. PEP Test Project Plag (Page 1 of 2 )  

Level 
1 2 3 4  Nomenclature 

PEP S y s t ~ m  
Array deployment assembly. PEP 

Wing box assembly, solar a r n y  - qua1 test unit t o  be refurbished 
for tlight use 

Instrumentation assembly. array monitor* 
Blanket assembly, solar array * development - partial blanket 
(with live cells) 
Harness. wing b o r  instrumentation* 
Tension mechanism, blanket* 
Linkage assembly, mast interface* 
Latch assembly, covei * 
Wing box structure assembly* 
Box cover assembly* 
Cable assembly, wing box power* 

Diode assembly 
Sun sensor, array pointing, 7-axi7 
Processor, sun sensor 
Electronics assembly. array pointing control  
Mast assembly, solar array 

Canister, mast 
Actuator, mast drive 
Linkage, array interface 
Mast, extendable 

Harness, instrumentation. ADA 
Harness. command and control, ADA 
Structure assembly, solar array support  

Beam, assembly, array support  
Trunnion, array support  

Cable assembly, pov er, ADA 
Gimbal assembly, solar array drive, :-axis 

Slip ring - brush assembly. power and  signal transfer 
Drive actuator assembly, Alpha axis 
Drive actuator assembly, Beta axis 
Angle encoder. Alpha axis 
Angle encoder, Beta axis 
Grapple fixture, standard RMS 
View mirror 

*Qualification o f  these items in next assen~bly  (wing box assembly). 

Test requiremen: 
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. 

I.. 
... .. 



Table 7. PEP Test Project Plan (Page 2 of  2 )  

Level 
1 7 3 4  Nomenclature 

Pivot assen~bly.  gimbal structure 
Umbi!ical ass;tnrhl j.. po\vt-r t rmst'er 

Mast :anistcr suspension and lockout 1nec.h.. . ,lay array 
Ptvot assembly. canister 
L;l!ch assembly. canister 

!'alver regulation and control  assembly. PEP 
Cold plat?. voltage regulator 
':oltage regulator 

Support  bracket. voltage regulator 
Power distribution box 
Data bus coupler assembly 
Mitltiplexer!demultiplexer assembly ( 1 module on ly )  
Cable assrmbly, power. PRCA 

Disconnect, intlight remote. plug 
Harness. instrumentation. PRC'A 
Harness, command and control. PRCA 
Plumbing assembly, cold plate 
Support  structure assembly, power regulation equip. 

Trunnion,  PRCA suppor t  
Beam assembly. power reg suppor t  

Shunt regulator 
Cooling fluid,  power regulation cold plate 

Interface kit 
bridge fitting, custon! 
Payload retention latch. custom lightweight 

Drive actuator assembly 
Load f i t t~ng .  Yo, c u s t o n ~  
Cable aszt.mbly, RMS power 

9isconneci. i n t l~gh t  remote,  receptacle 
Cable assembly. Orbiter bay power 
Harness, Orbiter  buy data bus  

Developmeni 
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GSEORBITER fl E:Fk 1 CABLE 
PEP POWER REGULATION SIMULATOR SIMULATOR 

\ 

SHUNT 
REGULATORS DISTRIBUTION BUS LOAD 

SIMULATOR 

COUPLER I 

ARRAY 

EPLOYMENT SIMULATOR 

ASSEMBLY ASSEMBLIES 

I 

MAST 
ASSEMBLY SUN SENSOR 

I 
CONTROL t ' 
ELECTRONICS GIMBAL 

ASSEMBLY ASSEMBLY 

i I 1 GSE L 
I 

SIMULATOR 8 

INTERFACE 

CONTROL CONTROL 
INTERFACE 

KEYBOARD GPG STRIP 
AND CRT SIMULATOR CHARTS 

Figure 9. PEP System Acceptance Test 

As can be seen from the  schedule, a major port ion of t h e  system t e s t  i s  

accomplished p r i o r  t o  s o l a r  a r ray  wing assembly i n s t a l l a t i o n .  The t e s t i n g  

necessary t o  be accomplished a f t e r  s o l a r  a r ray  i n s t a l l a t i o n  i s  t h a t  necessary 

t o  va l ida t e  t h e  i n s t a l l a t i o n  operat ion;  t h e  v e r i f i c a t i o n  of those actuat ion 

operations t h a t  could be a f fec ted  by the  wing assembly mounting provisions; 

and a t e s t  of dark I - V  cha rac t e r i s t i c s .  This t e s t  approach w i l l  provide 

maximum assurance of hardware i n t e g r i t y  with minimum f a c i l i t y  cos t  and 

exposure of de l i ca t e  hardware t o  1 g operation. 

5.3 GSE UTILIZATION 

The MDAC approach t o  development and acceptance t e s t  u t i l i z e s  s e l e c x d  models 

of GSE i n  support of f l i g h t  hardware development and acceptance t e s t i n g .  This 

usage of GSE saves program cost  through elimination of e x t r a  GSE u n i t s  and a l s o  

demonstrates compatibili ty of t h e  GSE and f l i g h t  hardware before it i s  exposed 

t o  operat ional  usage. The plenned u t i l i z a t i o n  of t he  GSE i n  the  ve r i f i ca t ion /  

i n t eg ra t ion  simulator and i n  support of acceptance t e s t  and f l i g h t  operations 

i s  shown i n  Figure 11. 
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SET NO. 3 
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Figure 11. PEP E l m i d  GSE Flow, Multiple Utilization 



Sec t ion  6 
VERIFICATION 

The V e r i f i c a t i o n  program t o  be accomplished w i t h i n  t h e  PEP p r o j e c t  w i l l  be 

s t r u c t u r e d  s o  a s  t o  provide  v i s i b i l i t y  as t o  t h e  e x t e n t  program t e c h n i c a l  

requirements hsve been met. 

The prime c o n t r a c t o r  w i l l  e x t r a c t  from a l l  s p e c i f i c a t i o n s  t h o s e  t e c h n i c a l  

requirements f o r  which o b j e c t i v e  evidence o f  s a t i s f a c t i o n  i s  requ i red .  For 

each requirement a determinat ion w i l l  be made as t o  t h e  method by which 

s a t i s f a c t i o n  o f  t h a t  requirement w i l l  be achieved; i . e . ,  a n a l y s i s ,  t e s t ,  

review of des ign ,  e t c .  

This document w i l l  be p resen ted  as p a r t  o f  t h e  d a t a  package f o r  PDR. During 

PDR, agreement w i l l  be reached between t h e  prime contractor/NASA-JSC as t o  

(1 ) proper  requirement s e l e c t i o n  f o r  v e r i f i c a t i o n  and ( 2 )  proper  o f  v e r i f i c a -  

t i o n .  This agreed-upon document w i l l  s e r v e  as t h e  b a s i s  f o r  t h e  prime con- 

t r a c t o r  v e r i f i c a t i o n  program. 

Closeout of  t h e  document w i l l  r e q u i r e  review of  t h e  l i s t e d  e v i d e n c e i a c t i v i t y  

as i t  i s  a v a i l a b l e  o r  occurs ,  and formal v a l i d a t i o n  t h a t  t h e  evidence o r  

a c t i v i t y  does prove t h a t  t h e  requirement has been met. S a t i s f a c t o r y  c l o s u r e  

of  a l i n e  i tem w i l l  r e q u i r e  agreement between t h e  prime c o n t r a c t o r  and NASA-JSC. 

Closeout a c t i v i t i e s  w i l l  be an on-going a c t i v i t y  i n  p a r a l l e l  wi th  o t h e r  pro- 

gram a c t i v i t i e s .  

The s t a t u s  o f  t h e  v e r i f i c a t i o n  document w i l l  be reviewed dur ing  CDH. Closeout 

cf a l l  i tems w i l l  be a  requiremen* f o r  d e l i v e r y  of  t h e  hardware t o  NASA. 



S e c t i o n  7 

MANUFACTURING PLAN 

The s tudy  has  r e s u l t e d  i n  a planned approach t o  procur ing,  manufacturing and 

assemblying t h e  hardware elements that ,  w i l l  make up t h e  PEP. The s t u d y  has  

i d e n t i f i e d  t h o s e  elements which, due t o  t h e i r  s p e c i a l i z e d  technology,  should  

be procured from o t h e r  agenc ies ,  and t h o s e  t h a t  due t o  t h e i r  c r i t i c a l i t y  t o  

system o p e r a t i o n ,  must be  f a b r i c a t e d  and assembled by t h e  prime c o n t r a c t m .  

The fol lowing paragraphs summarize t h e  approach t o  p rocur ing ,  f a b r i c a t i n g  and 

assemb1,ying t h e  four  major elements o f  t h e  PEP system. 

A.  Array deployment assembly. 

B.  Power r e g u l a t i o n  and c o n t r o l  assembly. 

C. I n t e r f a c e  k i t .  

D .  RMS i n s t a l l a t i o n s .  

7 .1  ARRAY DEPLOYMENT ASSEMBLY 

Table 3 below l i s t s  t h e  assembl ies  t h a t  make up t h e  Array Deployment Assembly 

and i n d i c a t e s  a t e n t a t i v e  d e c i s i o n  a s  t o  whether t h e s e  elements w i l l  be fab- 

r i c a t e d  by t h e  prime c o n t r a c t o r  o r  procured ?ram a subcon t rac to r .  

The f i n a l  assembly of  t h e  Array D e p l o p e n ~  Assembly w i l l  be a c c o m ~ l i s h e d  a t  t h e  

prime c o n t r a c t o r ' s  f a c i l i t y .  Figure  12 d e p i c t s  t h e  sequence of  f a b r i c a t i o n  

a c t i v i t y  f o r  t h e  ADA. 

In  a d d i t i o n  t o  t h e  f l i g h t  and t e s t  hardware r e q u i r e d  by t h e  prime c o n t r a c t o r ,  

t h e  prime c o n t r a c t o r  w i l l  f a b r i c a t e  and supply t o  t h e  wing box and mastj 

c a n i s t e r  s u b c o n t r a c t o r ,  h igh f i d e l i t y  r e p l i c a s  of  va r ious  i tems o f  f l i g h t  . 
h:irJware t o  be used i n  s o l a r  a r r a y  subsystem development. Examples o f  t h e s e  

i t e m  t o  be fu rn i shed  a r e  t h e  s o l a r  a r r a y  suppor t  s t r u c t u r e  and t h e  mast, 

c a n i s t e r  suspensiori and lockout  mechanism. 



Table 3. Array Deployment Assembly 

Item Make BW 

Wing box assembly, s o l a r  a r r a y  

Mast assembly, s o l a r  a r r a y  

Diode assembly 

Sun sensor ,  a r r a y  p o i n t i n g  

Processor ,  sun sensor  

E l e c t r o n i c  a s s e r b l y ,  a r r a y  r o u t i n g  c o n t r o l  

Harness, ins t rumenta t ion  ADA 

H ~ r n s s s ,  command and c o n t r o l  ADA 

S t r u c t u r e  assembly, s o l a r  a r r a y  support  

Cable assembly, power ADA 

Gimbal assembly, s o l a r  a r r a y ,  d r i v e ,  two a x i s  

Mas t lcan i s te r  and lockout mechanism, s o l a r  a r r a y  

7.2 POWER REGULATION AND CONTROL ASSEMBLY 

Table 4 below l i s t s  t h e  assemblies t h a t  make up t h e  Power Regulation and 

Control  Assembly (PHCA) and i n d i c a t e s  p re l iminary  d e c i s i o n s  a s  t o  whether t h e  

co7nponent w i l l  be f a b r i c a t e d  and assembled by t h e  prime c o n t r a c t o r  o r  procured 

from a subcont rac to r .  

''I!(. f i n a l  assembly u ?  t.!it) Power Reglil.etion and Control  Assembly w i l l  be Rccom- 

p l i s h e d  at the p r i m  ontructor's f a c i l i t y .  Figure 1 3  shows t h e  sequence of 

faLr'i~'at,iun and acsernlly a c t i v i t y  for t h e  PRCA. 

7 . 3  HMS INSTALLATIONS 

A cab le  w i l l  be provided t o  t r a n s f e r  power between t h e  Array Deployment 

Assembly and t h e  Power Regulation and Control  Assembly. This c a b l e  will be 

rnour.ted on t h e  KMS. 





Table 4, Power Regulation ar~b Control Assunbly 

Volt age regula tor  X 

Cold p l a t e  vol tage,  regula tor  X 

Power d i s t r i bu t ion  box X 

Data bus coupler X 

~ultiplexer/demultiplexer assembly X 

Load f i t t i n g  Yo custom X 

Cable assembly, Orbi ter  bay, power X 

Harness Orbi ter  bay, bus coupler/bus termination ?: 

Harness Orbi ter  bay, command and ccnt ro l  X 

This cable w i l l  be manufactured by the  RMS cont rac tor  from wire and s h o u l i ~ r  

connector ha l f  supplied by t h e  prime cont rac tor .  The RMS contractor  w i l l :  

a Design and i n s t a l l  cable-mcuntin~ provisions on the  MS. 

0 Develop, manufacture, and t e s t  the  cable assembly. 

0 I n i t i a l l y  i n s t a l l  the cable assembly on t h e  RMS (cable  assembly i s  

removable f o r  non-?EP f l i g h t s  ) . 

7.4 PFtOCESSES AND FACILITIES 

7.4.1 Prime Contractor 

The PEP study has i den t i f i ed  no requirements f o r  t he  development of new 

processes o r  f a c i l i t i e s  a t  t h e  prime cont rac tor  leve l .  The PEP f ab r i ca t ion ,  

assembly, and checkout/system t e s t  a c t i v i t i e s  requi re  f a c i l i t i e s  consietent  

with normal eerospa2e production f a c i l i t i e s .  Examples of f a c i l i t i e s  a r e  those 

d ic ta ted  by: 

Prirlted c i r c u i t  board fabr ica t ion .  

Ele A r i c a l  harness f ab r i ca t ion .  

Black box bui ld up and t e s t .  
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0 Machine shop. 

e Welding. 

Cleaning. 

System assembly and t e s t  i n  c l a s s  100,000 c lean  room. 

In  t h e  a r e a  of p rocesses ,  t h e  PEP product ion w i l l  r e q u i r e  t h e  w e l l  d i s c i p l i n e d  

a p p l i c a t i o n  of previously  developed p rocesses  and techniques .  Examples o f  

t h e s e  a r e  a s  fo l lows:  

A .  Mechanical 

P r e c i s  ion niachininfi o f  complex s t r u c t u r a l  elements . 
0 Welding of  l igh twe igh t  a l l o y  s t r u c t u r e s .  

0 Assembly of p r e c i s i o n  machined components i n t o  an o p e r a t i n g  

mechanism. 

0 Froduct ion or' t o o l i n g  and J i g s  t o  a s s u r e  in terchangeable  

assembl ies .  

E .  E l e c t r i c a l  

0 Froduction 01' c i r c u i t  boards .  

Fabr ica t ion  of e l e c t r i c a l  ha rnesses .  

Assembly of  e l e c t r i c a l  components; i . e . ,  s o l d e r i n g ,  welding, 

pott i n 8  . 
C . O p e r ~ t  i u n ~ l  

0 Component c leaning.  

Clem room assembly and opera t ion .  

0 Safe h a n d l i n g  of f l i g h t  hardware. 

0 Documentation and t r a c e a b i l i t y  of rmsembl-y a c t l v i t i c s .  

0 Docwnrn t~ t ion  of quctlity c o n t r o l  a c t i v i t i e s .  

0 Fackagint: and shipyint:  c3f s p a c e f l i g h t  hardware. 

I ' rouuctim of PEP s o l a r  arrays w i l l  r e q u i r e  t h e  fu r the r  development of proc- 

e s s e s  anA f a c i l i t i e s  which exis:, now only  i n  t h e  conceptual  o r  breadboard 

yhnse. The dep:rre t o  which t h i s  is  necessary  w i l l  be one f ~ c t o r  i n  t h e  sub- 

c o ~ ~ t r c r c t o r  se1ec.t i o n  criteria. 



7.4.2.1 Facilities 

If selected, the production of the wraparound type of solar cell in the 

quantities required for this program will require new facilities at the solar 

cell vendors. 

Depending on the solar wray subcontractor selected, varying amounts of 

facility construction anS/or expansion will be required in order to produce 

blankets of the size required for this program. 

7.4.2.2 Processes 

Dependent upon solar array subcontractor selected, processes for assembling 

the cells into blankets will require various degrees of development and 

quali3cation. 



Appendix A 

REQUIRENEXTS FOR PEP DESIGN, DEVELOPMENT, AND TEST PLAN 

The Design and Development Pla? shall present the Contractor's approach to 

accomplishing the effort necessary to design, develop, test, and deliver a11 

hardware required to fill the needs of the PEP program. The Plan  shall 

include, as a minimum, the following elements of data: 

A.  Introduction. The introduction shall provide the purpose and scope 

of the plan. It shall provide a narrative description of the program and the 

tasks to be accomplished, the purpose of the tasks and the specific goals. 

B . ~echnical program P1annir.g and Control. The Contractor shall 

describe his systems for planning and controlling the technical effort 

involved in accomplishing the PEP program. As a minimum, he shall provide 

visibility as to: 

Technical organization. 

- Responsibilities/authorities. 
e Approach to managing technical program. 

- Work authorization. 
- Scheduling. 
- Eesign reviews. 
- Customer participation. 
- Risk analysis. 
- Management of subcontracted design effort. 
- Performance measurement. 
Technical data mmagement . 
- Drawing and specification generation. 

- Configuration control. 
C. Design and Deveiopment Activities. The Contractor shall describe 

his approach to identifying and accomplishing the effort which will transform 

the PEP operational needs into delivered, qualified hardware which fulfills 

these needs. He shall, as a minimum, provide the following elements. 

1. Design and Development Flow Diagram. Tnis diagram shall 

identify and sequence those activities necessary to proceed from th? Phase B 



study results and the proposal design to the final approved PEP system design. 

This diagram will show the incremental progress from ATP through PDR an6 CDR. 

2. Narrative Discussion of the Design Process to be Followed in 

Accortplishing the Final PEP Design: 

System Engineering: 

- Tra.de studies. 
- System analysis. 
- Specification generation. 
- Design analysis. 
- System test planning. 
- Test evaluat ion. 
- Interfaces. 
- Schedule for accomplishing System Engineering activities. 
Design Implementation, 

- halysis to be accomplished. 
- Development test planning. 
-Relationship of development test results to design 

progress. 

- Inputs to make or buy dzcision. 
-Schedule for design completion and release. 

D. Testing. The Contractor shall provide a description of his PEP test 

prograzn and show how this program supports the design activity to produce a 

qualified flight hardware and support equipment design to validate the 

manufacturing activities. 

1. Development Testing. 

Detailed description of development tests to be conducted 

on components and system in the evaluation of hardware performance under 

actual or simulated environmental condltlons to evaluate hardware failure 

modes, safety factcrs, and off-limit operating points. 

Detailed description of test techniques necessary to 

ensure that all parameters are completely defined early in program. 

2. Qualification Testing. A detailed description of the qualifi- 

cation tests to be accomplished. Included shall be a discussion of any limita- 

tions or compromises caused by environment and/or facilities and a description 

of how these tests will be supplemented and augmented by the first flight test. 

MCOONNILL 



3 .  System Testing. A descript ion of t he  system t e s t  prograin t h a t  

w i l l  va l ida te  system operation t o  t h e  extent possible  on t h e  ground and give 

maximum assurance of proper system operation i n  f l i g h t .  

E. The Contractcr s h a l l  provide a program schedule portraying a l l  major 

milestones and key in t e r r e l a t ionsh ips :  

0 Design reviews. 

0 Design f reeze  da tes .  

0 Relationship of design, t e s t  and procurement a c t i v i t i e s .  

a F a c i l i t y  u t i l i z a t i o n .  

Hardware required del ivery da tes .  

F. F a c i l i t i e s .  The Contractor s h a l l  provide a l i s t i n g  and u t i l i z a t i o n  

schedule of f a c i l i t i e s  and equipment required t o  perform t h e  design and 

development and t e s t  e f f o r t  f o r  t h e  PEP program. 

G. Manufacturing Approach. The Contractor s h a l l  summarize h i s  approach 

t o  manufacturing/procuring the  PEP hardware. This summary i s  i n  addi t ion t o  

t h e  de t a i l ed  Manufacturing Plan required by the  PEP con t r ac t ,  and i t s  purpose 

is t o  i den t i fy  i n  the  context of t h e  design and development plan those 

a c t i v i t i e s  which a r e  major f ac to r s  i n  planning t h e  o v e r a l l  approach t o  design- 

ing,  developing and procuring t h e  required hardware. This summary s h a l l  

ident  i f y  : 

1. Major make o r  buy decis ions.  

2. New processes requir ing development. 

3.  Prime contractor  hardware provided t o  support subcontractor 

a c t i v i t i e s .  

4. New facili ty/equipment requirements. 

H.  Hardware Requirements. The Contractor s h a l l  i den t i fy  a l l  hardware 

t o  be produced under t h e  PEP contract  and show t h e  ~ ~ t i l i z a t i o n  of t h i s  hardware 

i n  support of development, test and del ivery.  




